we investigate the sensitivity to initial soil moisture of a short-range high-temperature weather 13 event that occurred in late July 2003 in East China. The initial soil moisture (SMOIS) in the 14 Noah land surface scheme is adjusted [relative to the control run (CTL)] for four groups of 15 simulations: DRY25 (-25%), DRY50 (-50%), WET25 (+25%) and WET50 (+50%). Ten 24-16 hour integrations are performed in each group. 17
Introduction 17
Under the background of global warming, heat wave events have occurred frequently 18 worldwide, especially in the early twenty-first century. As stated in a report by the World 19 Meteorological Organisation, the first decade of the century was the hottest on record since 20 modern measurements began circa 1850 (WMO, 2013) . In the summer of 2003, Continental 21 Europe was hit by a persistent abnormal heat wave during which the average summer 22 temperature in most areas was 3°C higher than that of the 30-year (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) average; over 23 35,000 heat-related deaths were estimated across Europe (e.g., Larsen, 2003) . In the same 24 period, abnormal high-temperature weather also occurred in the regions south of the Yangtze 25 River and South China (e.g., Lin 43°C in some areas of the south-eastern coastal region, especially in late July, which was the 23 hottest period of the summer according to 10-day moving averages of SAT over the study 24 area (Zeng et al., 2011) . Record high temperatures, heat wave extents and heat wave durations 25 were set. 26
WRF and the experiment schemes 27
We investigated the sensitivity of the temperature simulations to initial soil moisture using the 28 Advanced Research WRF model (Version 3; Skamarock et al., 2008) . As a community 29 mesoscale model developed by the National Center for Atmospheric Research and other 30 research institutions, WRF contains key dynamic features, such as fully compressible 31 nonhydrostatic equations, complete Coriolis and curvature terms, and includes many 32 advanced physical parameterisation schemes. The schemes adopted in this study include the 1 microphysics scheme of Lin et al. (1983) , the Betts-Miller-Janjic subgrid-scale cloud scheme 2 (Janjic, 1994) , the Rapid Radiation Transfer Model longwave radiation scheme (Mlawer et al., 3 1997) , the Goddard shortwave radiation scheme (Chou and Suarez, 1994) , the Monin-4
Obukhov surface layer scheme (Hong and Pan, 1996) , the YSU boundary layer 5 parameterisation scheme (Hong et al., 2006) , and the Noah land surface scheme (Chen and 6 Dudhia, 2001; Ek et al., 2003) . Through the coupling of the land surface and atmospheric 7 boundary layer schemes, WRF accounts for land-atmosphere interactions, e.g., soil moisture-8 air temperature feedbacks. 9
Two-way nesting is used in the simulations. The simulation domain is centred at (29°N ,  10 117.5°E), with 60×70 grid points and 30-km spacing for the large domain (D1) and 127×145 11 grid points and 10-km spacing for the small domain (D2) (Fig. 1a) . The vertical resolution is 12 non-uniform 31 layers with 50 hPa set as the top of the model. In late July 2003, extremely 13 high temperatures mainly occurred over the areas south of the Yangtze River in eastern China 14 (i.e., East China, denoted as area "D3" within area "D2" in (at an interval of 24 hours), i.e., ten 24-hour integrations are performed with a suite of model 20 setups. We choose 24 hours as the integration length because initial soil moisture is relatively 21 less modified at this time scale of short-range weather. Subsequently, each integration is 22 labelled with the ending time of the experiment, e.g., "D21" represents the simulation with the 23 integration period from 0600 UTC 20 through 0600 UTC 21 July 2003. 24 To investigate the sensitivity of the short-range high-temperature weather simulation to soil 25 moisture, the initial soil moisture fields are treated as follows. First, the initial field of the 26 total volumetric soil moisture content (hereafter SMOIS) is modified at each grid point; 27 correspondingly, the values for each soil layer are modified. Second, on the basis of using the 28 analysis data to perform ten 24-hour integrations (i.e., the control run or the CTL group of 29 simulations) for late July and following Fischer et al. (2007) , sensitivity experiments are 30 conducted with the modified initial soil moisture, i.e., the four groups of simulations (WET50, 31 WET25, DRY50 and DRY25) are conducted with the initial moisture content changes of 32 +50%, +25%, -50% and -25%, respectively, relative to CTL. Thus, the 24-hour simulations 1 for a specific date (e.g., the D21 simulation) have 5 initial fields of soil moisture; in total, 50 2 simulations are conducted. Meanwhile, because the SMOIS values range from 0 to 1 (the 3 value of 1 presents the land cover type of inland water), when the first-guest value of the 4 SMOIS at a grid point is larger than the saturated value in the sensitivity simulations, the 5 saturated value is set as the initial value for the integrations. Therefore, the SMOIS values for 6 the inland water remain unchanged. As an example, Fig. 2 presents the surface soil moisture 7 fields at 0600 UTC 20 July 2003 for the initial values in the D21 simulations. In Fig. 2a,  8 except for the large inland water bodies (e.g., the Yangtze River, Taihu Lake, and Poyang 9 Lake), the soil moisture contents are generally less than 0.5 m 3 m -3 . In this case, the WET25 10 and WET50 soil moisture contents at the grid points can be increased by 25 and 50%, 11 respectively, except for few grids that approach saturation (Figs. 2d and e). 12
Once the initial and boundary conditions are defined, according to the WRF formulations, 13 both the land and atmospheric variables (e.g., atmospheric wind speeds, pressure, temperature, 14 geopotential height, soil temperature and soil moisture), as well as the surface fluxes (e.g., 15
radiative, sensible heat and latent heat fluxes), vary over time during the model integrations; 16 these simulation results are used for the analysis. 17
It should be noted that there is no unified definition or standard of "heat wave" events. For 18 example, the National Weather Service considers the effects of temperature and relative 19 humidity, and an excessive heat warning is issued by the agency when daytime heat index 20 values are expected to reach 40.5°C or above for two consecutive days or when the values are 21 expected to exceed 46°C for any length of time (Kalkstein et al., 1996) . For the Euro-22
Mediterranean region, Stefanon et al. (2012) presented a method for defining and classifying 23 heat waves in which the events are grouped into six classes. In China, based on climate and 24 environmental characteristics, high-temperature weather is classified into three levels in the 25 context of daily maximum SAT, i.e., high temperature (≥35°C), dangerously high 26 temperature (≥38°C), and intensely hazardous high temperature (≥40°C) (Zhang et al., 27 2006 
Analysis of physical processes 22
We mainly focus on the change in air temperature due to the modified SMOIS. The temporal 23 change in air temperature is governed by the partial differential equation that is derived from 24 the first law of thermodynamics, i.e., 25 climatologically and systematically. Therefore, in this section, we preliminarily analyse the 9 soil moisture-induced differences in the ten-day mean SAT06 values of the simulations. 10
Spatial distribution 11
As discussed above, the spatial SAT06 distributions are approximately the maximum SAT 12 values over East China and the occurrence of the hottest weather during the study period. relatively small area that has higher values. However, the maximum DRY25 temperature is 26 higher than 38°C (i.e., dangerously high temperature), and the total area with 37°C+ 27 temperatures covers most of the CTL areas above 35°C. The maximum temperature of 28 DRY50 exceeds 40°C, and the dangerously high temperature covers much of the area north ofWET25 ( Fig. 3e) and WET50 (Fig. 3f) obviously decrease, i.e., WET25 produces a maximum 1 temperature of ~36°C, with a relatively small area above 35°C (SAT06), and WET50 only 2 produces a maximum of ~35°C, with a very small area above 35°C (SAT06); thus, almost no 3 high temperatures are simulated in the entire domain. In previous climate studies, regions Despite the further changes in the SMOIS, the model is unable to simulate values near the 11 wilting point or field capacity for the overall study domain within 24 hours (i.e., the total soil 12 moisture does not change much at short time scales compared to long climate simulations 13 with persistent prolonged modifications to soil moisture in heat wave events; see Sect. 3.2 for 14 soil moisture variations); therefore, the SMOIS-induced sensitivity is high, at least for the 15 heat wave development in the short range. Specifically, the above results suggest that with the 16 SMOIS increase, the simulated SAT06 clearly decreases, even in some dry or wet soil 17 moisture conditions. Meanwhile, with the SMOIS change, the SAT in the lower troposphere 18 (e.g., 850 hPa) presents a change similar to the SAT06 (not shown). All of these results show 19 that the high-temperature simulations with a short-term (24-hour) integration length are very 20 sensitive to the change in initial soil moisture. 21
To assess the influence of the SMOIS change, further comparisons are made between CTL 22 and the sensitivity simulations (Figs. 3g-j). Compared with CTL, DRY25 presents a SAT06 23 increase of more than 1°C over most of the land areas ( Fig. 3g) , while the SAT06 in DRY50 24 rises more than 2°C (generally) and 4°C (maximally) over land (Fig. 3h) . In contrast, WET25 25 reduces the temperature in most areas by more than 0.5°C (Fig. 3i) , while WET50 reduces the 26 temperature by more than 1°C, with a maximum decrease greater than 2°C (Fig. 3j) . For a 27
given sensitivity simulation, the amplitude of the temperature change differs in different areas; 28 these changes are closely related to the local forcings of the surface energy balance, such as 29 the sensible and latent heat fluxes (see Sect. 3.2). By comparing the four groups of sensitivity 30 simulations with CTL, it is found that the magnitude of the temperature increase in DRY50 31 (DRY25) is greater than that in WET50 (WET25); therefore, the higher sensitivity of the 32 simulated SAT06 is induced by lower soil moisture. In addition, the area with the largestSAT06 change is found over/around the area with temperatures above 35°C. All of these 1 findings indicate that the change in the initial soil moisture has a very large influence on the 2 SAT06 simulation, or on the development of the short-range (24-hour) extremely high 3 temperature weather. 4 Figure 4 presents the average SAT06 values for area D3 in the simulations. In agreement with 5 the above results, the higher soil moisture simulations produce lower area-averaged SAT06 6 for each simulation (Fig. 4a) . Notably, the magnitude of the SAT06 increase from DRY25 7 (25% SMOIS decrease) to DRY50 (50% SMOIS decrease) is larger than the magnitude of the 8 SAT06 decrease from WET25 (25% SMOIS increase) to WET50 (50% SMOIS increase). 9
This result is consistent with the conclusions in previous climate studies (e.g., Fischer et al., 
Simulation errors 21
To examine the consistency of simulations with observations and to assess the sensitivity 22 results under different soil moisture conditions, the simulation results are interpolated to 23 meteorological stations (Fig. 1a) . In the following section, the model bias (BIAS) and root-24 mean-square error (RMSE) are applied, which are computed as 25
27 Figure 5 presents the BIAS and RMSE values for the SAT06 in each simulation. The CTL run 1 shows a SAT06 value near the observational value, with the ten-day mean SAT06 value 2 0.14°C lower than the observational value (Fig. 5a) ; thus, the BIAS in each sensitivity 3 simulation is generally consistent with the SAT06 difference between the simulation and CTL. 4
The ten-day mean SAT06 values of DRY50 and DRY25 are 2.5°C and 0.90°C higher, 5 respectively, than the observations, with a relative difference exceeding 150% (relative to 6 DRY25), while the SAT06 values of WET50 and WET25 are 1.5°C and 0.96°C lower, 7 respectively, with a difference as high as 50% (relative to WET25). These day-to-day results 8 further demonstrate that the high-temperature weather simulation is very sensitive to the 9 change in soil moisture and is more sensitive at a lower level of soil moisture than at a higher 10 level. In other words, hot weather can be amplified under low soil moisture conditions. 11
Similar results can be observed from the RMSE values (Fig. 5b ), e.g., the average RMSE 12 values of DRY50 and DRY25 are 3.9 and 3.0°C, respectively, i.e., the difference is large. 13
Explanation of the sensitivity: details of physical processes 14
Regarding the mechanism responsible for the sensitivity, the SAT difference induced by 15 initial soil moisture is directly caused by different land surface energy fluxes and by modified 16 regional dynamic circulation. Among the fluxes, upward sensible heat transfer directly heats 17 the low-level atmosphere and plays a key role in influencing the SAT, while latent heat flux is 18 modified by the change in soil moisture and evaporation, which further affect the SAT. For 19 example, decreased soil moisture leads to lower evaporation and a reduced cooling effect of 20 the land surface; as a result, a higher sensible heat flux is available to heat the lower 21 troposphere. 22
Soil moisture 23
The Noah land surface scheme calculates the soil moisture for four layers with thicknesses of 24 10, 30, 60 and 100 cm for the L1, L2, L3 and L4 layers, respectively. Figure 6 shows the 25 variations of the ten-day mean soil moisture in the five groups of simulations. Overall, the 26 changes in the soil moisture within 24 hours are closely related to the depths of the soil layers 27 and the initial values of the soil moisture. The shallow soil moisture changes significantly, 28 while the deep soil moisture is less modified or nearly unchanged. Shown in Fig. 6a , the CTL 29 soil moistures of L3 and L4 change slightly, while those of L1 and L2 decrease more due torainfall. In DRY25, the surface soil moisture appears to be recharged by the lower soil layer 1 because the surface moisture is very low (lower than that in CTL, which is normally dry), and 2 the surface soil moisture after 24 hours is still nearly unchanged (Fig. 6b) . The DRY50 3 surface soil moisture is similar, but with a temporal increase (Fig. 6c) . The results of WET25 4 and WET50 contrast those of the DRY simulations: the shallow soil moisture of the former 5 changes significantly due to the adequate water supply during the dry, hot weather, and the 6 model spins up with ~10% decreases in surface moisture during the first hour of the 7 integrations (Figs. 6d-e) . This spin-up behaviour highlights that the initial soil moisture values 8
should be appropriately applied to specific models in response to the model configurations. 9
Sensible and latent heat fluxes 10
Previous studies showed that surface heat transfer is crucial to changes in the atmosphere (e.g., 11
Guo et al., 2011). with the small latent heat flux differences agrees with the area of the large sensible heat flux 25 differences (Figs. 8b-e vs. Figs. 7b-e) and with the high-value area of the SAT06 differences 26 (Figs. 3g-j) . This result is observed because the surface latent heat flux and sensible heat flux 27 are two components that partition the surface net radiation. Given a stable forcing of net 28 radiation, the decrease in latent heat flux leads to the increase in sensible heat flux; thus, low-29 level temperatures increase and vice versa. In addition to the land surface changes, differentchanges in the SAT by modifying the radiative forcing and circulation of the atmosphere 1 (addressed at the end of this subsection). 2
In addition to the above consistency of the overall spatial patterns of the SAT and fluxes, the 3 hourly variations of the ten-day mean surface quantities clearly show the high SMOIS-4 induced sensitivities (Fig. 9) during the 24-hour periods, e.g., large flux differences appear 5 during the daytime and peak at 0400 UTC, while the SATs reach the maxima at 0600 UTC. 6
Thus, the changes in the fluxes are anterior to the SAT changes; this result is consistent with 7 many observations in the planetary boundary layer (e.g., Liu et al., 2011). 8
The daily 0600 UTC fluxes and the flux and SAT06 differences between the sensitivity 9 simulations and CTL are shown in Fig. 10 . These results not only confirm the substantial 10 SMOIS-induced sensitivity in the context of single 24-hour simulations [e.g., the DRY50-11 DRY25 sensible heat flux difference is 67 W m -2 larger than the WET50-WET25 difference 12 (Fig. 10a ) and corresponds to an SAT06 difference of approximately 1.6°C] but also indicate 13 that features of the ten-day mean quantities at 0600 UTC are consistent with those of the ten-14 day means averaged with hourly values. Therefore, the high-temperature differences for 0600 15
UTC may be caused by the SMOIS-induced persistent forcings during the 24 hours. 16
It is worth noting that while the SMOIS change is nonlinearly related to the change in the 24-17 hour-averaged sensible heat flux, the change in sensible heat flux essentially corresponds to 18 the SAT06 change in an approximately linear manner (Fig. 10d) . 19 As the SMOIS changes, the modified latent heat flux has more significant and complex 20 implications for the surface energy balance. Table 1 The results for the surface energy balance can be understood theoretically. As reported in 3 previous studies (e.g., Baldocchi et al., 2001 ), the Bowen ratio of well-vegetated humid areas 4 is generally less than 1; therefore, latent heat flux, other than sensible heat flux, is the primary 5 factor that partitions net radiation at the land surface. Because of the SMOIS increase, latent 6 heat flux (i.e., water vapour flux) increases much more, produces a stronger greenhouse effect 7 and strengthens the downward atmospheric longwave radiation. Further, because sunny 8 weather persisted during the simulation period, the change in the cloud-induced reflected 9 solar radiation was negligible. Therefore, the change in shortwave radiation, which is only 10 slightly modified by the SMOIS-induced water evaporation, is also suggested to be very small. 11
Hence, the SMOIS-induced pronounced change in the surface net radiative energy is largely 12 modified by the greenhouse effect of water vapour (rather than by the shortwave radiation). 13
For instance, from DRY25 to CTL, the ten-day mean net radiation based on the hourly values 14
increases by approximately 5 W m -2 , which is quite large (e.g., in contrast to the sensitivity of 15 the regional surface net radiation to deforestation in the Amazon Basin at a scale of l0 6 km 2 ; 16 Dickinson and Kennedy, 1992). Additionally, the 0600 UTC net radiation increases by 17 approximately 12 W m -2 , and the sums of the sensible and latent heat fluxes increase by 18 similar magnitudes. However, because of the SMOIS increase, the added net radiation, which 19 is induced by the increased ground heat flux, is still less than the decrease in the sums. 20 Therefore, the overall effect of the SMOIS increase is cooling at the land surface. 21
Atmospheric circulation 22
The SAT variation is closely related to the changes in the regional atmospheric circulation, 23 which is a key element of the synoptic system over the region. Regarding the atmospheric 24 circulations in the mid-level and low-level troposphere, Fig. 11 and Fig. 12 show the 500-and 25 850-hPa geopotential height fields, respectively, and the height differences caused by the 26 SMOIS change. As stated in Sect. 2, the western Pacific subtropical high is the dominant 27 control over the weather in continental China in summer; thus, a drop in the geopotential 28 height at a given pressure level corresponds to a weakening of the subtropical high 29 atmospheric circulation, and vice versa. Shown in Figs. 11 and 12 , the weather during lateCTL, the DRY50 500-hPa geopotential height in the simulated area generally increases by 1 over 2 gpm, with a maximum increase of over 4 gpm (Fig. 11c) ; the soil moisture-induced 2 effect on the 850-hPa geopotential height is opposite that at 500 hPa, i.e., the SMOIS decrease 3 leads to reduced 850-hPa geopotential heights in most of the simulated areas, and vice versa. 4 Figure 13 presents the differences in the ten-day mean surface air pressure at 0600 UTC 5 between the groups of simulations. The SMOIS decrease appears to cause a decrease in the 6 surface pressure, and the area with the surface pressure reduction is consistent with the area of 7 the SAT06 increase (Figs. 13a-d vs. Figs. 3g-j) . The SMOIS-induced surface pressure drop is 8 consistent with the decrease in the 850-hPa geopotential heights. 9
In previous soil moisture sensitivity experiments over North America using various climate In fact, the low-level temperature increases due to the SMOIS decrease; then, the air volume 19 expands after being heated and causes vertical and horizontal movement. Specifically, in the 20 vertical direction, the secondary "circulation", whose direction is opposite to the actual 21 airflow in the lower layer of the western Pacific subtropical high, actually results in weakened 22 low-level subsidence in the subtropical high. Along with the horizontally expanded air that 23 causes mass divergence in the lower layer, the pressure in the lower atmosphere is thus 24 reduced under the constraint of the hydrostatic balance. Meanwhile, the expanded air induced 25 by the SMOIS decrease lifts the pressure levels in the middle and upper troposphere, e.g., the 26 500-hPa geopotential height is enhanced (Fig. 11) in the near-surface layer, the mechanism influencing the 2-m SAT is similar to that 10 influencing T z1 . Therefore, in this study, the advection, convection and diabatic terms in Eq. 11
(2) are computed for the lowest model level to examine the relative importance of the terms 12 for T z1 . Similarly, an explanation of the mechanism for the SMOIS-induced SAT changes can 13 be provided. 14 Note that the strong western Pacific subtropical high was the dominant weather system during 15 the period, when mean subsidence prevailed. Specifically, the CON term reflects the adiabatic 16 effect of subsidence. Table 2 lists the area-averaged ten-day mean integral results of the four 17 terms in Eq. (2) for nighttime and daytime. Although the temperature advection effect (ADV) 18 might be relatively strong on the single-station temperature during some periods, the area-19
averaged ADV values, as one of the contributors to the T z1 change, are so small that they can 20 be ignored in the 24-hour simulations. For the subsidence effect term, under different soil 21 moisture conditions, the CON values do not generally change much, especially during the 22 daytime; one exception is for the DRY cases during nighttime, which have an overall 23 warming effect as the SMOIS decreases (e.g., compared with CTL, DRY25 produces a 24 0.16°C higher value for the CON term). A comparison of the CON term during the daytime 25 with that during the nighttime indicates that the adiabatic warming effect of the mean 26 subsidence in the western Pacific subtropical high at night is much stronger than that in the 27 daytime (e.g., the DRY25-CON temperature rises 11.12 and 1.01°C in the nighttime and 28 daytime, respectively); thus, the regional atmospheric circulation may have a much more 29 significant influence on the temperature change in the surface layer at night. The difference in 30 the heating effect is mainly due to the stratification difference between day and night in the 31 subtropical high, i.e., the daytime boundary layer is relatively well mixed compared to the 32 nighttime boundary layer, and mean subsidence has a greater heating influence on the 1 hydrostatically stable lower atmosphere during the nighttime than during the daytime. In 2 addition, because the nighttime subsidence effect is more affected by the SMOIS change than 3 the nearly unchanged daytime subsidence effect, relative to the WET conditions, an enhanced 4 temperature increase is induced under the DRY conditions at the end of the 24-hour 5 integrations (Table 2) . 6
Compared with the absolute CON values for nighttime and daytime, the corresponding 7 absolute t Q values are larger, i.e., the absolute CON values are approximately two thirds of 8 the magnitude of the absolute t Q values at night and less than one fourth of the absolute t Q 9 values in the daytime (Table 2 ). This finding indicates the dominant role of diabatic processes 10 over the role of subsidence at the intra-daily time scales. During the nighttime, with the 11 occurrence of the boundary-layer temperature inversion induced by the longwave radiative 12 cooling at the land surface, the turbulence-induced diabatic cooling effect is larger than the 13 adiabatic temperature increase effect; therefore, the surface air becomes colder. During the 14 daytime, along with the modified stratifications, diabatic heating dominates and is much 15 stronger than the subsidence-induced adiabatic temperature increase, which is much weaker 16 compared to the nighttime. Interestingly, although the diabatic effect dominates the 17 subsidence effect during the nighttime and daytime [e.g., the nighttime value is -15.33°C 18 (11.01°C) and the daytime value is 4.21°C (0.99°C) for the WET25 t Q (CON) term], because 19 the t Q term has opposite signs during the various time periods, the overall diabatic effect does 20 not dominate the subsidence effect for the 24-hour simulations. The diabatic effect is stronger 21 than the subsidence effect in the CTL and WET (DRY) cases over the 24 hours, and vice 22 versa. For instance, WET25 (DRY25) produces the values of 12.05°C and -12.76°C (12.20°C 23 and -11.37°C) for the 24-hour CON and t Q terms, respectively. Contrary to the CON 24 consistent heating effect, the t Q term has an overall cooling effect. However, it should be 25 noted that the overall temperature rise, in response to the SMOIS decrease (e.g., the increase 26 in the 24-hour T t term compared to CTL), is mainly caused by the decreased cooling effect of 27 the t Q term instead of the increased heating effect of the CON term, e.g., for the 24-hour 28 integrations, the T t term changes from -0.14°C (CTL) to 0.83°C (DRY25), and the change is 29 accompanied by a difference in the CON term (from 12.04 to 12.20°C) and a much larger 30 difference in the t Q term (from -12.18 to -11.37°C). These results demonstrate that the 31 overall diabatic processes are affected much more strongly by the SMOIS change. A closer 1 comparison shows that this sensitivity is higher under the DRY conditions (Table 2) , as is 2 consistent with the sensitivity findings for SAT06 in Sect. 3. 3
In the 12-day simulations of warm-season convection, Trier et al. (2008) suggested that the 4 initial soil moisture had an important influence on thermodynamic variables, particularly 5 when the ground heating is the strongest in the daytime and the subsequent period. Our results 6 confirm this issue and also show that the SMOIS-induced change in the nighttime cooling can 7 exceed half of the change in the daytime heating in the high-temperature simulations (e.g., 8
from CTL to DRY25, the t Q term decreases by 0.30°C during the nighttime and increases by 9 0.57°C during the daytime; Table 2 ). 10
Similarly, subsidence and diabatic processes play important roles in modifying the 2-m air 11 temperature (SAT) change, in which the diabatic processes dominate the adiabatic subsidence 12 during the daytime and nighttime in the subtropical high. Additionally, the diabatic effect on 13 the SAT variation is affected more strongly by the soil moisture change, e.g., with the SMOIS 14 decrease, the SAT tends to increase, mainly because of the decreased cooling effect of the 
China. 21
Notably, when only CTL is taken into account, during late July, the diabatic processes are 22 slightly more important than mean subsidence over the region (i.e., the sign of the SAT 23 change is opposite of the subsidence term during the 24-hour periods in CTL; Table 2 ). This 24
shows the relative importance of physical processes in the hottest phase. For periods with 25 lower temperatures, the values of both the diabatic and subsidence terms are reduced. Given 26 invariant signs for both, it is unlikely to pinpoint which term would dominate using a 27 theoretical analysis only; thus, follow-up numerical studies are needed for other cases. We focus on SAT06, which is approximately the daily maximum temperature in East China. 6
The ten-day mean results indicate that CTL can generally reproduce the high-temperature 7 event. However, the simulated event is also sensitive to the SMOIS changes. water vapour is reinforced. The result is an enhanced surface net radiation, e.g., from DRY25 25 to CTL, the net radiation increases by 5 W m -2 . 26
Overall, a SMOIS-induced negative feedback exists in the lower layer between the low-level 27 temperature and the circulation, while positive feedback exists in the mid-troposphere, e.g., 28
the low-level SAT increases due to the SMOIS decrease, the geopotential heights lower and 29 the subtropical high in the lower atmosphere weakens, and vice versa. 30
Finally, we adopt an analogous relationship between the air temperature at the lowest modelsimulated SAT via different processes. The results suggest that the diabatic processes 1 dominate the adiabatic subsidence regarding the SAT changes in the WET and CTL 2 simulations; the diabatic processes are affected more strongly by the SMOIS changes in all 3 the simulations. Although the diabatic processes have opposite effects during different time 4 periods (i.e., heating and cooling during the daytime and nighttime, respectively), they have 5 an overall cooling effect on the SAT in the 24-hour simulations. Interestingly, although the 6 diabatic processes dominate over subsidence during the daytime and nighttime, they are not 7 necessarily dominant during the 24-hour periods. 8
Additionally, we should note that this sensitivity study is implemented using a regional 9 weather model whose performance is affected by initial and boundary conditions and model 10 setups. For follow-up studies, using more cases and adopting more suites of model settings to 11 explore soil moisture effects would help us better understand the issue of soil-moisture-12 induced sensitivity of high-temperature/heat-wave events. 
